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INTRODUCTION 

Our fifth year Center of Excellence report details a total of 52 months of work involving human 
subjects.  Delays during initial approval processes led to some delay in the start-up funding for the 
human subjects portion of the grant. 

 
Three main aims of scientific activity exist within our Center of Excellence:  1) the establishment of 

a large tissue repository from a retrospective cohort of women with benign breast disease (BBD) 
(1967-1991);  2) the application of potential biomarkers of risk to this archival tissue set; and 3) the 
discovery of new, potentially relevant biomarkers of risk in fresh and frozen specimens of BBD.  The 
Center includes a multi-institutional team of basic scientists, pathologists, epidemiologists, clinicians, 
statisticians, and advocates (Mayo Clinic; University of California San Francisco (USCF); Wayne 
State). 

 
Task 1: Establish Retrospective Cohort of BBD and Nested Case-Control Study 
 
A. Complete cohort follow-up 
We reported the details in our 2006 report.  This task has been completed. 
 
B.   Validate reported breast cancers 
We reported the details in our 2006 report.  This task has been completed. 
 
C. Match appropriate controls to known breast cancer cases 
We described this process in our 2004 report.  This task has been completed. 
 
D.  Construct test set for preliminary evaluation of markers 
We described the construction of our test set in our 2004 report.  This subset consists of 124 cases 
and their two closest controls selected from the entire study period. 
 
E. Construct validation set from remaining breast cancer cases, each matched with two  
controls. 
The remaining cases and controls will serve as the validation set. 
 
Task 2:  Biomarkers in Archived Tissues from Cases and Controls 

 
A. Retrieve tissue slides/blocks of BBD specimens for all cases and controls 
We reported details in our 2006 report.  This task has been completed.  
 
B.      Characterize benign histopathology  
1. General findings 
In 2006 we reported the benign histology for our entire cohort.  This objective has been completed.  
We published the general histology findings in July 2005 in the New England Journal of Medicine. 
 
2.  Atypia 
We reported on our atypia results in our 2006 report.  These results were just published in the the July 
1, 2007 issue of Journal of Clinical Oncology (Appendix A).  The following highlights the major 
findings: 
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Although atypical hyperplasia is a well-established risk factor for subsequent breast cancer, data 
regarding long-term absolute risk and factors for risk stratification are needed.  Estimates of absolute 
risk with long-term follow-up are not well established.  We found the following: 
 

• With a mean follow-up of 13.7 years, 66 breast cancers (19.9%) occurred among 331 
women with atypia.  The relative risk of breast cancer with atypia was 3.88 (95% CI 3.00-4.94). 
• Marked elevations in risk were seen with mutlifocal atypia (e.g., three or more foci with 
calcifications ((relative risk - 10.35, 95% CI, 6.13 – 16.4)). 
• Multiple foci of atypia and the presence of histologic calcifications may indicate “very 
high risk” status, exceeding 50% risk at 20 years.  
• Relative risk was higher for younger women, under 45 years of age (Relative risk 6.76, 
95% CI 3.24-12.4) 
• Risk was similar for atypical ductal and atypical lobular hyperplasia. 
• Breast cancer risk remained elevated over 20 years, and the cumulative incidence 
approached 35% at 30 years. 
• A positive family history does not further increase risk in women with atypia. 

 
• Degnim AC, Visscher DW, Berman HK, Frost MH, Sellers TA, Vierkant RA, Maloney SD, 

Pankratz VS, deGroen PC, Lingle WL, Ghosh K, Penheiter L, Tlsty T, Melton LJ, Reynolds CA, 
Hartmann LC.  Stratification of breast cancer risk in women with atypia:  A Mayo Cohort study.  
Journal of Clinical Oncology 2007; 25(19):2671-77.   

 
3.  Papillomas 
These data and the publication of these data were reported in 2006.  
 
4.   Involution 
In our 2006 report we identified that the extent of lobular involution in breast tissue is an important risk 
indicator for the development of breast cancer.  These results were recently published in the Journal of 
the National Cancer Institute in November, 2006 (see appendix B).   We fond the following: 

• Risk of breast cancer was associated with the extent of involution.  Comparisons in 
relation to the Iowa SEER population revealed that the relative risk for women with no 
involution was 1.88 (95% CI = 1.59-2.21), partial involution 1.47 (CI = 1.33 – 1.61) and for 
complete involution the relative risk was 0.91 (CI = 0.75-1.10).   
• Increased involution was positively associated with increased age and inversely 
associated with parity. 
•  The significant reduction in breast cancer risk noted with involution also existed in 
women at “high risk” based on atypia or young age 

 
We are pleased with the accompanying editorial (see appendix C) in which the authors Henson DW, 
Tarone RE, Nsouli H from George Washington University Cancer Institute asserted: 

• “It truly is a remarkable event when traditional pathologic observations lead to new 
ideas about the prevention of cancer.” 
• “It is the first study…..to substantiate a hypothesis….that delayed involution is a major 
risk factor for breast cancer…..” 
• “One of the most striking findings in the study…..is the degree to which the strong 
association between extent of involution and breast cancer risk was independent of all known 
breast cancer risk factors that were investigated.” 
• “Results of the Mayo study provide a new paradigm for breast cancer research and 
prevention.”   

 
Milanese TR, Hartmannn LC, Sellers TA, Frost MH, Vierkant RA, Maloney SD, Pankratz VS, Degnim 
AC, Vachon CM, Reynolds CA, Thompson RA, Melton LJ, Goode EL, Visscher DW.  Age-related 
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lobular involution and risk of breast cancer. Journal of the National Cancer Institute 2006 98(22):1600-
07.   
 
Henson DE, Tarone RE, Nsouli H. Lobular involution: the physiological prevention of breast cancer.  
Journal of the National Cancer Institute 2006 98(22):1589-1590.   
 
5. Radial Scars 
The significance of radial scars to subsequent risk of breast cancer has been debated.  Radial scars 
(RS) are benign breast lesions of uncertain etiology.  The growth pattern in RS can resemble breast 
cancer and on mammogram a RS can be difficult to distinguish from breast cancer, prompting a 
biopsy.  The literature is mixed about the risk of developing breast cancer following the diagnosis of a 
RS, leading to our interest in examining the significance of RS in the subsequent development of 
breast cancer.  We found no increased breast cancer risk for women with radial scars when compared 
to the risk already present due to proliferative disease with or with atypia.  Breast cancer risk was also 
not affected by the size or number of RS lesions.   
 
This manuscript has been published online:  Berg JC, Visscher DW, Vierkant RA, Pankratz VS, 
Maloney SD, Lewis JT, Frost MH, Ghosh K, Degnim AC, Brandt KR, Vachon CM, Reynolds CR, 
Hartmann LC.  Breast cancer risk in women with radial scars in benign breast biopsies. Breast Cancer 
Research and Treatment. Published online May 22, 2007
 
C.     Prepare tissue slides for biomarker analyses 
Tissue slides have been prepared for the test set and two other subgroups of interest:  women whose 
breast cancer occurred within 5 years of their diagnosis (n = 174) and women whose histopathology 
revealed atypia (n = 336).   
 
D.  Perform IHC of molecular markers 
Our focus continues to be on the earliest possible changes that we might detect in these 
"premalignant" lesions.   There is certainly no consensus on this point.  Our decision was to begin with 
COX-2, ER alpha, MIB-1, gamma tublin and cyclin-D, and the test set and atypia subgroup have been 
stained for these markers. 
 
1.     COX-2 in atypia 
We reported these findings in our 2006 report.  A manuscript has been prepared and is being 
circulated among the coauthors. The following highlights the points that will be made: 
 
• COX-2 is an enzyme responsible for the elaboration of multiple bioactive mediations important 
in carcinogenesis.  It has been shown to be overexpressed in DCIS and invasisve breast cancer.  We 
sought to evaluate its expression in atypical hyperplasia.  Our hypothesis is that the expression of 
COX-2 will be increased in subjects with atypical hyperplasia (AH), and will be associated with 
subsequent breast cancer development.  The pharmaceutical availability of COX-2 inhibitors makes 
this a particularly interesting marker to explore due to the possibility of subsequent trials to examine 
the effectiveness of COX-2 inhibitors in women at high-risk for the development of breast cancer.   
• The intensity of immunostaining was associated with the type of AH (p<0.001).   
• Most atypical ductal hyperplasia (ADH) (77%) had no or weak (< 1) COX-2 staining 
• Most atypical lobular hyperplasia (ALH) stain intensity was 2+ or 3+ positive (61.4%)  
• Strong immunostaining was more likely with increasing age (p<0.01) 

o Of the women who were <45 years at the time of biopsy, 20% had 2+ or 3+ staining 
o Of the women >55 years, 52.3% had showed 3+ staining, 33.8% had lesions that were 

2+   
• COX-2 intensity was correlated with the increasing number of AH foci (p=0.02) 
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o  Among the 39 subjects who had three or more foci, 61.6% had strong (2+ or 3+) 
staining 

o Of the subjects who had a single AH focus (131 total) , 35.9% had strong staining  
o The relative risks for subsequent breast cancer compared to a control population from 

Iowa SEER data, were 2.63 for <1 stain intensity, 3.56 for 2+ and 5.66 for 3+  (see 
Table below) 

 
 

Table 1.  Association of COX-2 staining intensity with risk of breast cancer after the diagnosis of 
atypical hyperplasia. 
 

Characteristic No. 
of 

women 

No. of 
person-
years 

No. of 
Observed 

Events 

No. 
of 

Expected 
Events1

Relative Risk 
(95% CI)2

Overall 235 3265 41 12.4 3.31 (2.38-4.49) 
      
COX-2 Staining 

Intensity 
     

 0-1+ 130 1869 18 6.9 2.63 (1.56-4.15) 
 2+ 71 1004 14 3.9 3.56 (1.94-5.97) 
 3+ 34 391 9 1.6 5.66 (2.59-10.75) 
      
1:  number of events expected on the basis of Iowa Surveillance, Epidemiology and End Results (SEER) data. 
2:  all analyses account for the effects of age and calendar period.  CI denotes confidence interval. 

 
. 

2.   ER 
The estrogen receptor is essential to mediate the growth regulatory signals of estrogen in normal 
breast tissue and serves as a therapeutic target and predicative factor in breast cancer.   The extent of 
ER staining in a well-characterized cohort of women with atypia, to our knowledge, has not yet been 
reported.   
 
We are using the Automated Cellular Imaging System III (ACIS) to evaluate the intensity and percent 
ER staining in 231 women with atypia.  This system is able to provide automated quantification of 
biomarkers.  The areas of atypia were identified by the study pathologist and read into ACIS with 
reports produced for each identified area of interest. The preliminary analysis of the 10 most intensely 
stained areas shows: 
• A mean of 56 percent stained cells (standard deviation 30.78, range 0.00 – 99.99) 
• The mean intensity was 114 (standard deviation 28.97, range 0-206 (possible range 0 -256)).  
• A linear multivariate mixed model examined percent staining and intensity differences based 
on atypia type (lobular, ductal), cancer status, and year of biopsy after controlling for repeated 
measures within a woman. 

o The only difference based on this initial analysis was stronger intensity of staining and 
greater percentage of staining of atypical ductal hyperplasia compared to atypical lobular 
hyperplasia (intensity:  ADH mean of 117.68, standard error 2.5224 and ALH mean of 100.32, 
standard error 2.4537, p<0.0001; percentage: ADH mean of 64.1887, standard error 2.7860 
and ALH mean of 44.2121, standard error 2.6720, p<0.0001).  
 

We are currently completing the ER assessments for all areas of atypia and will finalize analyses 
subsequently. 

 
 



-8- 

3.  Proliferation Status 
Upon completion of the ER readings, we are set up to use the ACIS for measuring MIB-1 (Ki-67) 
stained areas.  All the slides have been stained for Ki-67 and are ready for anlysis. 
 
 4.  p16 
Dr. Tlsty from UCSF put forward p16 as the most significant marker to take forward into testing.  We 
have stained the atypia slides for p16 and they have been read.   Analysis will be forthcoming. 
 
E. Perform centromere studies.   
These data were presented in our 2006 report.   
 
 
Task 3:  Discovery - In Vitro Culturing and Gene Profiling Studies 
 
A. Identify appropriate frozen proliferative BBD specimens at Mayo and Wayne State 
for profiling. 
The purpose of these studies is to identify new, potentially relevant biomarkers in benign breast 
disease, markers that might correlate with subsequent breast cancer risk.  When our grant was 
submitted, the technology was not available to do profiling studies in paraffin-embedded tissue (such 
as our BBD resource) and hence, we described doing profiling in frozen samples of BBD.  A serious 
limitation of that approach, however, is that we do not have outcome information for our frozen 
repository samples, since these were accrued recently, and insufficient time has elapsed for the 
development of breast cancer.  Fortunately, genomic profiling technology has proceeded significantly 
and there are now platforms available for us where microdissected, paraffin-embedded samples can 
be run.  We are working currently to identify the quantity and quality of DNA and RNA that can be 
obtained from the paraffin-embedded samples.  
 
B.  Obtain fresh BBD tissue from appropriate patients at Mayo and Wayne State for 
culturing in vitro at UCSF.  Revised 1/07 Obtain fresh BBD tissue from appropriate patients at Mayo 
for culturing in vitro at UCSF. 
Forty-four samples were sent from Mayo to UCSF.  Five of these samples were lost to contamination.   
 
Multiple efforts to implement a prospective collection of fresh tissue in African-American women at 
Wayne State proved to be logistically impossible to launch.  Thus, we have moved to develop a 
retrospective study in an African-American cohort at Wayne State, modeled after the Mayo 
(Caucasian) cohort.  Through a collaboration with Dr. Hind Nassar, a junior pathologist at Wayne 
State, an IRB-approved protocol has been developed, to access paraffin-embedded samples of 
benign breast disease (BBD) from African-American women at Wayne State from 1992-2001.  This will 
allow us to begin to look at the problem of BBD in African-American women.  Moreover, because the 
population there is covered through the Detroit SEER database, we will have information about cancer 
outcomes.   See task 5. 
 
C.     Culture BBD specimens and document their growth characteristics.   
These data were reported in 2005.   
 
D. Compare genomic expression levels of DCIS markers in BBD tissues. 
We reported on this task in 2006.   Task completed. 
 
E.     Profile BBD specimens. 
We reported on this task in 2006.  Task completed. 
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Task 4:  Statistical Analyses 
A. Establishment of relational database 
This task is complete.  The database is the foundation for tracking all tissue samples; entering clinical, 
pathologic, and molecular data; and analyzing results.   
 
B. Enter epidemiologic and histopathologic data 
This task is complete. 
 
C.     Enter culturing data (proportion of cells that break through proliferation barriers; slope of curve, 
etc.) 
These data were entered as collected at UCSF. 
 
D.     Enter molecular data from culturing experiments (methylation of p16, p53 status, % 
proliferation versus apoptosis, etc). 
These data were entered as collected at UCSF. 
 
E.    Enter gene profiling data. 
These data were entered as collected at UCSF. 
. 
F.  Calculate hazard function for breast cancer by age at BBD, family history, histology, 
and molecular marker data. 
We have examined breast cancer risk by age at BBD, family history, histology [degree of proliferation, 
atypia yes/no, extent of involution, radial scar yes/no, presence of papilloma(s)], COX-2 expression, 
and centrosome status.  We have summarized the findings in earlier sections of this report. 
 
G.   Assess accuracy of Gail model. 
The Gail model is currently the main tool used in the clinical stetting for risk assessment in patients 
with atypia.  This is despite the fact that it has not been validated in this group of patients.  We 
evaluated the Gail model in our group of women with atypia (N = 331).  We used this model to predict 
5 year and follow-up specific risks for each woman.  The Gail model over-estimated the number of 
breast cancers that would occur in the first 5 years after biopsy (12.8 predicted, 8 occurred).  However, 
we found that the Gail model underestimated the risk of breast cancer in women with atypia when 
using the current follow-up age of our participants (Gail model predicted 31.7 breast cancer while 58 
occurred).  Additionally, we found the concordance between Gail model individual-specific predicted 
outcomes and observed outcomes to show only modest improvement over chance alone (c-statistic 
0.-57, 95% CI:  0.52-0.63, p=0.011).  This has significant implications for clinical practice.  Healthcare 
providers should be cautious when using the Gail model in counseling patients with atypia regarding 
their risk of developing breast cancer.  We are in the process of submitting a manuscript to report 
these findings. 
 
Figure 1. Distributions of Gail model risk probabilities. Plot contains estimates for individualized risk 
at the end of the available follow-up.  As risk predictions depend on age at BBD, and length of follow-
up, the risk predictions were corrected for these factors prior to comparison. 
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G.   Analyze expression data. 
This past year we have focused on COX-2, ER, p16 and MIB1(Ki-67).  We have reported our current 
findings under Task 2. 
 
Task 5:  Compare Breast Cancer Risk Associated with Benign Breast Disease in African-
American vs. Caucasian-American Women 
 
A. Identify African-American women at Wayne State University who had a breast biopsy with 
benign results between 1992 and 2001. 
One thousand one hundred forty-five women who had a benign breast biopsy during 1999-2000 were 
identified.  To date 240 women have been identified for 1998.   

 
B. Retrieve slides/blocks of BBD specimens. 
Three hundred twenty slides have been obtained thus far.   
 
C. Characterize benign histology of epithelium. 
Our programmer developed a data entry tool with drop down option boxes for Dr. Nassar’s use.  Dr. 
Nassar worked closely with Dr. Dan Visscher to ascertain consistency in definition and reading of 
cohort slides using the study pathology form.  Dr. Nassar has read and entered the histology for 225 of 
these slides. 
 
D. Cross list with Detroit SEER database to identify subsequent breast cancers. 
Dependent on A-C.   
 
E. Data clean-up, compare age, histology, involution status, and resulting risk with Mayo 

-10- 
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Caucasian-American cohort and determine involution status by age of patient.   
To begin once A – F accomplished. 
 
KEY RESEARCH ACCOMPLISHMENTS 
• We identified the degree of risk associated with the common benign epithelial entities and the 
extent to which age at biopsy and family history influence the risk of breast cancer in women with 
proliferative or atypical lesions.  The highest risk was among women who had proliferative disease 
with atypia, especially those of younger age. 
 
• We identified a marked increased risk of breast cancer in women with three or more foci of 
atypia, especially for three or more foci with calcifications.  Also, risk was higher in women diagnosed 
with atypical hyperplasia before age 45.  Among women with atypia, risk was not affected by family 
history. 
 
• We identified that a single papilloma without atypia imparts an increased risk of developing a 
subsequent carcinoma similar to other forms of proliferative breast disease without atypia.  Atypical 
papilloma, particularly in the setting of multiple papillomas, imparts a breast cancer risk similar to or 
greater than conventional atypical ductal/lobular hyperplasias. 
 
• We identified that the extent of lobular involution in breast tissue is an important risk indicator 
for the development of breast cancer.  Increasing degrees of involution result in a significant reduction 
in breast cancer risk, even in women at “high risk” based on atypia or young age. 
 
• We found that intense COX-2 expression is associated with a significantly greater likelihood of 
a subsequent breast cancer in women with atypia and represents one potential molecular target for 
chemoprevention strategies. 
 
• We found no increased breast cancer risk for women with radial scars compared to the risk 
already present due to proliferative disease with or without atypia. 
 
• We identified that centrosome amplification is seen more frequently in higher risk benign 
lesions (e.g. atypia) and is infrequently seen in non-proliferative lesions and in proliferative lesions 
without atypia. 
 
• We have identified intense p16 expression as a biomarker that identifies women with a 
significantly greater likelihood for recurrence after lumpectomy only for DCIS. This biomarker is 
presently being applied to the BBD cohort.  
 
• We found the Gail model to predict only slightly higher than chance alone the breast cancer 
risk of women with atypia.  The model underestimated lifetime risk and current risk of our cohort of 
women with atypia. 
 
 
REPORTABLE OUTCOMES 
Manuscripts  
• Lewis JT, Hartmann LC, Vierkant RA, Maloney SD, Frost MH, Allers TM, Visscher DW. An 
analysis of breast cancer risk in women with single, multiple, and atypical papilloma. Am J Surg Pathol 
2006;30(6):665-72. 
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• Degnim AC, Visscher DW, Berman HK, Frost MH, Sellers TA, Vierkant RA, Maloney SD, 
Pankratz VS, deGroen PC, Lingle WL, Ghosh K, Penheiter L, Tlsty T, Melton LJ, Reynolds CA, 
Hartmann LC.  Stratification of breast cancer risk in women with atypia:  A Mayo cohort study, Journal 
of Clinical Oncology 2007;25(19):2671-7. 
• Milanese TR, Hartmann LC, Sellers TA, Frost MH, Vierkant RA, Maloney SD, Pankratz VS, 
Degnim AC, Vachon CM, Reynolds CA, Thompson RA, Melton LJ, Goode EL, Visscher DW. Age-
related lobular involution and risk of breast cancer, Journal of the National Cancer Institute 
2006;98(22):1600-07. 
• Berg JC, Visscher DW, Vierkant RA, Pankratz VS, Maloney SD, Lewis JT, Frost MH, Ghosh K, 
Degnim AC, Brandt KR, Vachon CM, Reynolds CR, Hartmann LC.  Breast cancer risk in women with 
radial scars in benign breast biopsies.  Breast cancer Research and Treatment.  Published online May 
22, 2007. 

 
Presentations 
Poster Presentation at annual meeting of the United States and Canadian Academy of 
Pathology, Atlanta, GA, Feb. 11-17, 2006.  
• Milanese TR, Hartman LC, Vierkant RA, Maloney SD, Frost MH, Pankratz VS, Visscher DW. 
The impact of lobular involution on breast cancer risk. 
 
Podium Presentation at annual meeting of the United States and Canadian Academy of 
Pathology, Atlanta, GA, Feb. 11-17, 2006.  
• Berg JC, Lewis JT, Maloney SD, Vierkant RA, Hartmann LC, Visscher DW.  Analysis of cancer 
risk in women with radial scars of the breast. 
 
Podium Presentation at annual meeting of American Association for Cancer Research, April 1-
5, 2006 in Washington, D.C.  
• Hartmann LC, Lingle WL, Frost MH, Maloney SD, Vierkant RA, Pankratz VS, Tlsty T, Degnim 
AC, Visscher DW.  COX-2 expression in atypia:  Correlation with breast cancer risk. 
 
Poster Presentation at American Association of Cancer Research, Washington DC, April 1-5, 
2006.  
• Pankratz VS, Vierkant RA, Maloney SD, Frost MH, Visscher DW, Hartmann LC. Assessment of 
the Gail model in a cohort of women with atypical hyperplasia. 
 
Poster Presentation at Joint statistical Meetings, Minneapolis, MN, August 10, 2006.  
• Pankratz VS, Vierkant SD, Maloney SD, Hartmann LC.  Epidemiologic comparisons of disease 
incidence among populations:  The person-years approach. 
 
Poster Presentation at 29th Annual San Antonio Breast Cancer Symposium, San Antonio, TX, 
December 16, 2006.  
• Ghosh K, Hartmann LC, Maloney D, Vierkant RA, Milanese TM, Visscher DW, Pankratz VS, 
Vachon CM.  Mammographic breast density is inversely associated with age-related involution. 
 
Poster Presentation at 29th Annual San Antonio Breast Cancer Symposium, San Antonio, TX, 
December 16, 2006.  
• Milanese TR, Hartmann LC, Sellers TA, Frost MH, Vierkant RA, Maloney SD, Pankratz VS, 
Degnim AC, Vachon CM, Reynolds CA, Thompson RA, Melton LJ, Goode EL, Visscher DW   Age-
related lobular involution and risk of breast cancer. 
 
• Lingle W, Negron V, Bruzek A, Murphy L, Riehle D, Vierkant RA, Pankratz VS, Hartmann LC, 
Visscher DW.  Centrosome amplification is greatest in benign breast lesions associated with an 
increase in risk of cancer. 
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Poster Presentation at American Society of Clinical Oncology’s Breast Cancer Symposium, 
San Francisco, CA, September 2007. 
• Boughey JC, Hartmann LC, Degnim AC, Vierkant RA, Ghosh K, Vachon CM, Maloney SD, 
Reynolds C, Pankratz VS.  Assessment of the accuracy of the Gail model in women with atypical 
hyperplasia. 
 
 
 
 
CONCLUSIONS 
We have made significant progress on all three aims.  Specifically, we have completed the cohort 
follow-up by questionnaires.  Our pathologist has completed readings on the benign and cancer tissue 
for the entire cohort.  We have evaluated the significance of the benign histologic categories (NP vs. 
PDWA vs. AH) and examined the risks associated with specific pathologic findings including atypia, 
papillomas, radial scars and involution.  We calculated hazard functions for breast cancer by age at 
BBD and family history.  We applied the Gail model to our study population of women with atypia and 
found the concordance between predicted individual risk and actual risk to be only slightly above 
chance.  The Gail model significantly underestimated actual risk based on length of follow-up in our 
cohort of women with atypia.  We have stained the test and atypia subgroups for several 
immunohistochemical markers.  We have identified COX-2 as an important marker of an increased 
risk of breast cancer in women with atypia and are currently exploring ER, MIB-1 and p16.  
Additionally, we are working closely with Wayne State to characterize the histopathology and breast 
cancer outcomes in a cohort of African American women with benign breast disease. 
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 EDITORIALS 

Lobular Involution: the Physiological Prevention of Breast Cancer  
   Donald Earl   Henson,    Robert E.     Tarone  , Hala Nsouli 

 
              It truly is a remarkable event when traditional 

pathologic observations lead to new ideas about the prevention 
of cancer. In this issue of the Journal , Milanese et al.  ( 1 ), 
through a histologic review of breast biopsy specimens, show 
that the extent of age-related lobular involution is strongly 
associated with a reduced risk of breast cancer. Breast cancer 
risk decreased with increasing extent of involution in both high-
risk and low-risk subgroups defined by age, epithelial atypia, 
reproductive history, and family history of breast cancer.  

Beginning in the premenopausal period, lobular involution is 
a physiologic process that occurs over many years whereby the 
parenchymal elements in the breast progressively atrophy and 
disappear ( 2 , 3 ). The study reported by Milanese et al. 
represents a unique application of the Mayo Benign Breast 
Disease Cohort to investigate prospectively involution as a risk 
factor for breast cancer. It is the first study, to our knowledge, to 
substantiate a hypothesis that is based on pathologic and 
epidemiologic considerations that delayed involution is a major 
risk factor for breast cancer ( 4 , 5 ).  

As for an explanation of the effect of lobular involution on 
breast cancer risk, it has been suggested that a reduction in 
mammary gland tissue that results from involution should lead 
to a reduction in breast cancer because a progressively smaller 
amount of epithelial tissue is available for malignant 
transformation ( 1 , 5 ). The result of involution, therefore, can 
be considered physiologically analogous to a partial prophylactic 
mastectomy, with a corresponding reduction in breast cancer 
risk.  

Although a reduction in mammary tissue is a plausible 
explanation, the underlying issue is one of aging or, more 
precisely, the failure of breast tissue to age normally. The aging 
process in the breast is under control of various hormones and 
does not follow the pattern seen in other organs or tissues. 
Pathologists have long commented on the possibility that 
persistent atypical lobules might be precursors of invasive breast 
cancer ( 6 , 7 ). It seems paradoxical that an organ that normally 
undergoes complete or near complete physiologic atrophy would 
be a site in which cancer rates steadily increase with age. The 
continuing increase in breast cancer risk with age is likely 
associated with the persistence of glandular epithelium beyond 
the time of normal involution, refl ecting an abnormal delay of 
the aging process in the breast ( 4 , 5 ).  

Except for morphologic observations concerning age of onset 
and progression with age, practically nothing is known about the 
process of involution. Even less is known about factors that 

control involution or that delay or accelerate the process. In this 
context, it is unknown whether the rate of involution is 
genetically determined and whether known breast cancer risk or 
environmental factors alter the rate of involution.  

Evidence indicates that some risk factors for breast cancer 
may interfere or affect the process of involution. In the Mayo 
study, women with benign proliferative breast disease were 
substantially less likely to have complete involution than were 
women with benign nonproliferative disease, and women with a 
strong family history of breast cancer had slightly less advanced 
involution than women without such history ( 1 ). Late age of 
menopause, which increases the risk of breast cancer, is likely to 
result in delayed involution because of persistence of estrogen 
activity ( 8 ) . Women whose first full-term pregnancy occurs 
after age 35 years have an elevated risk for breast cancer 
compared with nulliparous women or with women whose fi rst 
pregnancy was at a much younger age ( 9 , 10 ). After the 
commencement of involution, late pregnancy with its 
concomitant increase in the proliferation of the ductal – alveolar 
epithelium is likely to interrupt the normal process of involution, 
which typically begins between 30 and 40 years of age. 
Oophorectomy, which protects against breast cancer ( 11 ), leads 
to the same type of atrophy of breast parenchyma in young 
women as that seen in older women ( 12 ). The reduction in risk 
may be due to the acceleration of involution induced by 
oophorectomy.  

One of the most striking findings in the study of Milanese et 
al., however, is the degree to which the strong association 
between extent of involution and breast cancer risk was 
independent of all known breast cancer risk factors that were 
investigated ( 1 ) . This observation suggests that factors 
unrelated to known risk factors are responsible for the protective 
effect of involution. For this reason, a greater understanding of 
the biologic basis for involution will be required to elucidate the 
mechanisms of the protective effect of lobular involution on 
breast cancer risk.  

The observations reported by the Mayo group may fi nd 
practical applications for risk prediction ( 1 ). It may be useful 
for pathologists to report the extent of involution in addition to 
any epithelial changes found in breast biopsy specimens that do 
not contain cancer. It will be important to determine the extent 
to which mammographic breast density serves as a surrogate for 
the extent of involution. By taking extent of involution into 
account, it should be possible to increase the predictive ability of 
breast cancer risk models.  
Results of the Mayo study provide a new paradigm 
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for breast cancer research and prevention. Age has 
always seemed the opponent because of the 
increasing risk of breast cancer with age, but age may 
now become an ally. The challenge will be to unravel 
the natural history of involution and the normal 
process of aging in the breast. Eventually, involution 
could become a useful surrogate endpoint for research 
in breast cancer prevention. A possible approach to 
prevention may be to develop strategies that achieve 
complete involution as early as possible after 
childbearing is completed.  
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